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HARD FACING OF METAL SUBSTRATES

This application 1s a continuation-in-part of of our
prior U.S. application: Ser. No. 784,619, Flled Apr. 4,
1977 now abandoned. |

The present invention relates to the hard facing or
iron base alloy substrates. More particularly, the present
invention relates to the hard facing of iron based alloy
substrates using as the hard-facing material a vanadium
carbide and free carbon containing composition to pro-
vide improved wear and impact resistance.

Hard facing of substrates, e. g. metal surfaces*, is a
common tndustrial practice, for example, cast particu-
late tungsten carbide (WC-WC) or cobalt bonded WC,
usually encased in a steel tube, 1s deposited by hard
facing techniques on iron base alloys in making wear
resistant cutters, earth moving equipment and the like.
It has been found, however, that due possibly to the
inherently different physical properties of base metal
and tungsten carbide, the hard facing material has a
tendency to become unevenly distributed in the molten
portion of the metal substrate and as a result, undesired
variations in hardness can occur in the resultmg solidi-

fied hard-faced surfaces.
*The Oxy-Acetylene Handbook, 11th Edition, Linde Air Products

Division ef Union Carbide Cerporatlen also Welding Handbook Third
Edition, American Welding Society.

Also, during the deposition of both cast and cobalt-
bonded tungsten carbide on iron and steel substrates,
the molten iron in the substrate dissolves some of the
tungsten carbide and upon cooling results in the precipi-
tation of the mixed carbides (FeW)sC and Fe3W3C
according to the formula 3WC4-9Fe—FeizW3C+--
2Fe3C, thus resulting in substantial depletion of the
deposited tungsten into less wear resistant phase.

- In instances where tungsten carbide i1s employed in

hard facing, due to the high density of tungsten carbide,
a relatively large weight of tungsten carbide is required
for adequate hard facing.

It is accordingly an object of the present invention to
provide a hard-facing method using vanadium carbide
and free carbon containing material to produce a hard-
faced surface having wear-resistant properties at least
comparable to those provided by the use of conven-
tional tungsten carbide.

Other objects will be apparent from the following
descnptlon and claims taken in conjunction with the
drawing in which

FIG. 1 shows a photograph (original magmﬁeatlon
10X) of a granule of hard facing material for use in the
present invention.

FIG. 2 is a photomicrograph (original magnification
1500X) of hard facing material for use in the present
invention.

The present invention is directed to an improvement
in conventional methods of hard-facing substrates
which comprises employing as the hard facing material
a solid material consisting essentially of chemically
combined vanadium and carbon and uncombined or
free carbon, the chemically combined vanadium and
~carbon being combined as Vg g9 and the free carbon
being in an amount of from about 4.5 to 12.5% by
weight of the combined vanadium and carbon. The
aforedescribed composition can also contain up to 15%
by weight in the aggregate of cobalt, iron, nickel and
molybdenum, preferably 3 to 6%.

The above described hard facing material for use In
the method of the present invention is formed of vana-
dium carbide grains, VCpg9 having free carbon dis-
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persed between the grains of vanadium carbide. This is
exemplified in the photomicrograph of FIG. 2 which is
at an original magnification of 1500X and shows the
vanadium carbide grains as gray, and free carbon as
black areas; exemplary vanadium carbide grains can be
seen at 10 and 20 with free carbon indicated at 30. The
white areas 40 are cobalt. The composition of FIG. 2
contained 22% carbon (4.5% free carbon) and 3% co-
balt.

While various techniques can be used for producing
the above described hard facing material from conven-
tional starting materials, including elemental vanadium,
carbon, and vanadium oxides, the preferred form of the
hard facing material for use in the method of the present
invention 1s a particulated cold pressed and sintered,
e.g. under hydrogen atmosphere or vacuum, and subse-
quently granulated material illustrated by example in
the present specification. In these examples, the starting
vanadium, carbon, and cobalt materials are blended,
compacted and sintered under a hydrogen atmosphere
at elevated temperatures, e.g. about 1200°-1600° C. and
for periods, e.g. 4 to 3 hours, sufficient to produce mate-
rial as aforedescribed. |

A particular embodiment of the present invention
comprises a hard facing rod in conventional form for
use in hard-facing iron and iron base alloy metal sub-
strates, e.g. mild steel, Hadfield steels and the like. Such
a hard facing rod comprnises a metallic sheath or tube
formed of the usual metals for such purposes such as
iron, steel, and the like containing therein a hard facing
composttion as previously described.

The hard facing method of the present invention can
be used with known gas and electric welding tech-
niques, e.g. gas welding, arc welding and other prac-
tices described in the “Master Chart of Welding Proces-
ses’’—American Welding Society (1969), using conven-
tional fluxes.

In the hard facing of metal substrates in accordance
with the present invention by the above-noted conven-
tional techniques the metal substrate and the applied
hard facing material become metallurgically bonded.

The following examples illustrate materials for use as
hard-facing compositions In accerdance with the pres-
ent invention:

EXAMPLE 1

The following materials- were used to obtain a cold
pressed, sintered hard-facing composition of VCpgo
with 4.5% free carbon and 3% cobalt (25% total car-

0 bHon) for use in the process of the present invention:
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(a) 450.8 g of a commercially available material
(Union Carbide Corporation) containing mixed
V2C+VC, sized 65 mesh and finer having the
following analysis:

83.18% V
13.21% C
2.3% O

0.50% Fe

Balance moisture and incidental impurities.

(b) 73.2 Acheson* brand G39 graphite powder, sized
finer than 100 mesh.

(c) 15 g cobalt powder, extra ﬁne grade from African
Metals Corp.

*Trademark of Union Carbide Cerperatlen

The powders were placed in a ball mill (8-in. diame-
ter X 11 in. high, 10.25 of }-in. dia. balls) and turned at
110 RPM for 40 hours. After forty hours milling, the

material was roll compacted to sheet (density 3.76
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grams per cc). The roll compacted material was
crushed into granules 12 by 28 mesh. The granules were
placed in graphite boats and sintered in a pure hydrogen
push-through molybdenum-wound heat-treating fur-
nace. The sintering cycle was as follows: The graphite 3
boat was placed inside the furnace door for % hour, to
diffuse out residual atmospheric gases. The boat then
was advanced to a 900°-1200° C. zone to allow the
reduction of any residual oxides and the removal of the
reduction products. Then the boat was advanced into
the hot zone at 1400° C. for 1} hr. to provide sintering
of the cold pressed material. The boat was then pushed
out of the hot zone into a water-cooled chamber and
brought to room temperature in 12 minutes. The gran-
ules were lightly bonded together but were easily sepa-
rated in a jaw crusher. Aside from the contained cobalt
the material was formed of chemically combined vana-
dium and carbon, VCp.g9 and about 4.5% uncombined
carbon.

The cold pressed and sintered material as prepared in 20
the foregoing example sized about 12 by 32 mesh and
was employed as a hard-facing material in the following
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melted metal casing bonded the granules to the sub-
strate and a metallurgical bond was formed between the
hard facing material and substrate upon solidification of
the molten metal.

The resulting hard-faced surfaces were tested for
abrasion resistance using a rubber wheel-sand wear and
abrasion test. The wear and abrasion test was as follows:
A 1 inch X3 inch X 2-inch thick steel substrate is hard
faced by depositing a hard faced material thereon and
the hard faced surface is ground flat. A 93 inch O.D. by

1.inch wide neoprene circular disk (durometry hardness

-shore A 50-60) is used with the hard faced surface being

loaded with 28 ft.-lbs. of force against the neoprene
disk. Silica sand (sand blast sand size 2, QROK) is fed in
excess between the neoprene disk and the hard faced
surface with the neoprene disk being turned at 200
RPM for 200 revolutions. The specimen under test is
weighed before and after and the procedure is repeated
until a constant weight loss is obtained for repeated tests
and this weight loss is used as a measure of wear and
abrasion resistance. The comparative results obtained
are shown in the Table A.

TABLE A
Analysis of Electric Weld Deposits on Mild Steel Substrates

Hard Electric Weld Deposit Electric Weld Deposits
Aim Hard Facing Facing  _ _on Mild Steel __on Hadfield Steel
Composition, % __Matenal Wear Test Analysis of Electric Weld Rockwelly  Wear Test
Free Rockwelly Rockwelly (Grams) _____ Deposits on Mild Steel Wt % Hard. (Grams)
V C Co Carbon Hardness Hardness Weight Loss Fe vV ©Co O N Total C of Deposits Weight Loss
85 15 3 — 90.0 70 096 _ - = = - — — —
83 17 3 — 90.5 76 051 —_ = = = = — — —
82 18 3 0.5 91.0 76 042 68.70 24.68 1.15 070 0.6  5.31] 75 024
78 22 3 4.5 81.0 76 026 72.33 21.12 1.00 066 0.6  6.16 79 013
75 25 3 1.5 75.7 80 023 7540 1522 090 049 02 64l 81 067
70 30 3 125 29.0 80 030 7423 1903 088 053 03 646 87 067

W

manner.
The granules were blended with about 5% of flux

having the following composition:

40

25.00% Graphite

19.75% AlO3; Powder

20.00% Fe) O3

5.00% MgO

20.00% (17.4% Si, 66.1% Mn, 1.7% C)

10.00% NiO 45

25% Borax anhydrous

100.00%

M

The flux was bonded to the grain surface to prevent
segregation by wetting the mix with a 50% solution of 50
sodium silicate. A mild steel tube rod with one end
crimped was packed with the above grain. The packed
relationship is about 50% iron tubing and 50% filler.
The tube and filler were then oven dried overnight in
vacuum at 90° C. Both ends of the rod are double
crimped and the rod is cold rolled to about a 20% re-
duction in volume to tightly hold the grain. The rod in
this form can be used to deposit the hard facing material
using standard electric welding practice on an iron base

alloy substrate.

D

EXAMPLE II

Various vanadium, carbon, cobalt hard-facing com-
positions were prepared following the procedure of
Example I as shown in the following Table A.

The hard facing compositions were deposited on
plain carbon mild steel substrates and Hadfield steel
substrates using electric welding techniques. The
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The wear rate of the deposit for the V4-25C (7.5%
free carbon) material in accordance with the present
invention is at least as good as that of cast tungsten
carbide and superior to the other vanadium carbon
material tested.

A further advantage is the high toughness of the
deposit provided by the material in accordance with the
present invention. Since vanadium carbide 1s only
slightly soluble in iron, the tempered mortensitic iron
matrix in the deposit remains unsaturated and tough.

In the present invention, the presence of free carbon
dispersed between the grains of vanadium carbide is
considered to inhibit the decarburization, during the
hard facing operation, of VCpg9 to lower carbides
which are not as hard and wear resistant as VCo go.

Free carbon that is dissolved in the molten iron on the
substrate will also tend to lower the melting point of the
iron making it more fluid and thus facilitating better
mixing of the iron and the hard facing carbide which
promotes better flowing properties of the weld deposit.

Further tests were performed using hard facing mate-
rials prepared following the procedure of Example 1.
These results are shown in the following Table B.

As can be seen from Tables A and B the free carbon
hard facing materials in accordance with the present
invention provide increased hardness and wear resis-
tance in the resulting hard faced substrates.




S
TABLE B
Milligrams
Weight Loss
Rubber
- Wheel-Sand
| 'Grain Composition Abrasion Test
Low Carbon, free 97V + C(30 V 13.2 C) 3Co 0.160
‘Vanadium | |
VCgonofreeC 97V + C(828V 17.5C) 3Co 0.125
vC 97TV +C(B81.5V 185C) 3Co 0.074
High 7.5% 97TV 4+ C(75V 25 C) 3Co 0.044
Free Carbon |

r

What is claimed 1s:

1. In a method for hard facing a surface of an iron
base alloy substrate by forming a metallurgical bond
between a said surface and hard-facing material by heat-
ing said surface to its melting point and depositing hard-
facing material thereon, the improvement which com-
prises employing as hard-facing material a composition

4,155,759
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3. A method in accordance with claim 1 wherein said
hard-facing composition is a sintered material in partic-
ulated form.

4. A method in accordance with claim 1 wherein said

5 composition contains up to 15% cobalt.
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which consists essentially of chemically combined va- 20

nadium and carbon as V(Cpg9 and free carbon in an
amount of about 4.5% to 12.5% by weight of the chemi-
cally combined vanadium and carbon.

2. A method in accordance with claim 1 wherein said
hard-facing composition is in particulated form.

5. A hard-facing rod comprising a metal sheath con-
sisting essentially of a material selected from iron, and
steel containing a hard-facing material consisting essen-
tially of chemically combined vanadium and carbon as
VCo.g9 and free carbon in an amount of about 4.5% to
12.5%. by weight of the chemically combined vana-
dium and carbon.

6. A hard-facing rod in accordance with claim 5
wherein said hard-facing composition is in the form of a
sintered material in particulated form.

7. A hard faced metal surface formed by fusing a
portion of metal surface, and depositing on the fused
portion of said metal surface a solid composition con-
sisting essentially of chemically combined vanadium
and carbon as Vg g9 and free carbon in an amount of
about 4.5% to 12.5% by weight of the chemically com-
bined vanadium and carbon to provide a metallurgical

- bond between said solid composition and said metal
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surface.
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. @ 4,155,759
DATED . May 22, 1979

INVENTOR(S) Harry J. Brown
It is certified that error appears in the above—identified patent and that said Letters Patent
is hereby corrected as shown below:

Column 1, line 3, "of" second occurrance should be deleted.

Column 1, line 6, "or" should read ---of-=-.

Signcd and Sealed this

Sixteenth D ay Of December 1980
ISEAL)

Attest:

SIDNEY A. DIAMOND

Attesting Officer . Commissioner of Patents and Trademarks
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